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Comparing the three models
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Existing Speedup Models and the Extended Model

| Homogeneit Heterogene-tv mmmm

)%'$#,( 1&3( 1&3( +( +(
e43A%=3"/( j&3( +"( +"( j&3( j&3( +"(
A/($/'(+0( j&3( +"( +"( j&3( j&3( 1&3(

0,,-1$5A.( j&3( :0%C,&( +"( j&3( +"( +"(
$" ($/'( kO& j&3( :0%C,&( +"( j&3( j&3( j&3(

V"($/'(]&&( j&3( :0%C,&( j&3( j&3( +"( +"(
A4S (?#H&I( j&3( +'( +'( j&3( j&3( j&3(
Extended Yes Normal Yes Yes Yes Yes

Model



n
O l |t I n e www.prime-project.org

¥ >GO03H/I(3C&&'4C(%"&,3(

¥ I"H8$H"/(

¥ >GA&/& (HE&A&S"1&/&"43(3C&&'4C(%"&,3(

¥ J'@&5(<"/34%CH"/(%"&,3(

¥ J'"@&5($/'(&/&5.(/"5%$,0K& (3C&&'AC(

¥ >GC&50%&/AS,(5&34,A3($/(<5"33(8$,0'SH"/(
¥ ?"/<,430"/3(



Heterogeneity "
¥ >GO3H/I(#&A&S"I&I&O0A.( @ IR
0/<,4'&(1$3.%6%&A50<b($/( e o
'./$%0<b(3A54<A45&BMQ® [ I I s

¥ V&(&GA&/(A"(<"8&5(AH&( | N e oo |
["5%3$,(="5%("=(<"b&( o [[ay |[ oy |[ oy | oty |[ @y
#&A&S5"18&/&0E)( . e —— |
(c) o, | O | o | o | o
¥ :H,,039:)($/'(I"A(=4,,.( : !
181858,/ — T




Heterogeneity

¥ J$5$,,&,(<"%CAASH"/(%S$.(/"A(S,,(7/03#(A"I&AH&S(M)%'$4

parallel seq. parallel seq.
a; ay
as as
(o] s min a
> >

time time

no sync Sync



BCE performance equivalence ™™

¥ 2$,<4,$H/I(A#&(C&5="5%%$/<&(&U408%$,&/A(/4%Q&5("=(m
D m$3&("/(A#&(3,"@&3A(M,$3A(A"(7/034#S(<"5&(

Ly e !‘!2! i! I !_!' "#$%&SH##'(")

1 {| Il }l

L s les 200 e 1 S parallel  seq. parallel seq.
L o |
a3 a3

min a

\
5Y

sync




Speedup extension AmdahlOs ™

¥ 2$,<4,$H/I(A#&(C&5="5%%$/<&(&U408%$,&/A(/4%Q&5("=(m
D m$3&("/(A#&(3,"@&3A(M,$3A(A"(7/034#S(<"5&(

Ny

_ 1
!n (N) — (I | | ) | ’ | !u#$ | !!S! ) parallel ﬂ ) parallel ﬁ
| + i o; [T




") !

Speedup extension AmdahlOs ™

¥ 2$,<4,$H/I(A#&(C&5="5%%$/<&(&U408%$,&/A(/4%Q&5("=(m
D m$3&("/(A#&(3,"@&3A(M,$3A(A"(7/034#S(<"5&(

+'@(0/(8&<A"5(3C$<&

:&UA&IHS, ("/(=$3A&3A(<"58&ABEHIA&3IA

" (N) = 0 !1 i JIHS Tl
|

+
1111 ! - ! ﬁ J$5$,,&,(3/<&'(A"(A#&(3,"@&3A2(0l(<$3&(":('

LN Gl !)+!!—'



Speedup extension GustafsonOs™*
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Effective power
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Experimental platform
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Exynos 5422 Application Processor

CPU
Cortex-A15 Quad (2.0 GHz) Cortex-A7 Quad (1.4 GHz)
Cortex-A15 Cortex-A15 Cortex-A7 Cortex-A7
32 KB instruction cache | 32 KB instruction cache | 32 KB instruction cache | 32 KB instruction cache
32 KB data cache 32 KB data cache 32 KB data cache 32 KB data cache
VFPv4 VFPv4 VFPv4 VFPv4
Cortex-Al15 Cortex-Al15 Cortex-A7 Cortex-A7
32 KB instruction cache | 32 KB instruction cache | 32 KB instruction cache | 32 KB instruction cache
32 KB data cache 32 KB data cache 32 KB data cache 32 KB data cache
VFPv4 VFPv4 VFPv4 VFPv4
2 MB Level 2 Cache with ECC 512 KB Level 2 Cache
GPU Mali-T628 MP6 (600 MHZ) DRAM LPDDR3 (933 MHZ) 14.9 GBytes/s




System characterization
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Exploration with models
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Cross-validation PRIME

I$G(9*1EP

time, ms speedup average total power, W
bench | P | Nar | Nais measured || predicted | measured | error predicted | measured | error
sqrt 0.3 3 0 59992 1.2500 1.2505 0.04 0.6622 0.6686 0.965%
sqrt 0.3 0 4 61911 1.2116 1.2117 0.01% 1.1119 1.0993 1.15%
sqrt 0.3 2 2 61910 1.2116 1.2118 0.01% 1.0438 1.0312 1.22¢6
sqrt 0.3 3 4 39339 1.2641 1.2638 0.02% 1.0769 1.0666 0.97%
sqrt 0.9 3 0 20088 2.5000 2.5017 0.07% 0.8122 0.8042 0.994
sqrt 0.9 0 4 25977 2.8893 2.8879 0.05% 1.9424 1.9252 0.89%
sqrt 0.9 2 2 25961 2.8893 2.8897 0.02% 1.4548 1.4239 2.17%
sqrt 0.9 3 4 18300 4.1082 4.0995 0.21% 1.9515 1.9403 0.58%
int 0.9 3 0 31705 2.5000 2.5021 0.08% 0.8265 0.8305 0.49%
int 0.9 0 4 20823 3.8112 3.8097 0.04% 1.9457 1.9351 0.55%
int 0.9 2 2 24264 3.2708 3.2694 0.04% 1.3739 1.3537 1.49G
int 0.9 3 4 16637 47717 4.7682 0.20% 1.8478 1.8117 1.99%;
log 0.9 3 0 25118 2.5000 2.5053 0.21% (0.8000 0.8925 0.20%
log 0.9 0 4 11580 54219 5.4341 0.22% 2.2497 2.2135 1.64%
log 0.9 2 2 17722 3.5492 3.5508 0.045 1.3791 1.3615 1.29%
log 0.9 3 4 11690 3.3960 5.3830 0.24% 1.88809 1.8570 725
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Conclusions

¥ >GA&/'&'(C"C4,$5(C$5$,,8,0K$SH"/(3C&&'AC(%"&,3(A"(<"8&5($(@0'8
"'=034g:)(M"5(<"&h<0&/A-&U408$,&/A(Q:) S(H&A&ES"I1&/&OA. (

>GA&/'&(C"@&5(%"&,3($/'(&h<0&/<.(%"&,3(
LO53A(<5"33-8%$,0'$H"/(3A4".(34<<&33=4,(
+&&'(A"(0/8&3HISA&(&8&/(@0'&5(3<"C&3("=(#&A&S"I&I&OA.((
+&8&'(A"(3A4".("A#&5(3C&&'AC(%" &, 3(M&*I*(a" @/&.b3S(
+&&'(A"(0/8&3HISA&(5&$,03H<(%8&%"5.(34Q3.3A&%3(M<$<#&(%03
+88&'(A"(&GC,"5&(430/I(A#&3&(%" &, 3(="5(54/-HY& (% $/$I &Y &/A(

K K K K K K



